causing severe bronchiolitis and pneumonia in the first year of A study of humoral and cellular immune responses to respiratory syncytial virus (RSV) was carried out in a research day care center over a period of 10 years. To analyze the cumulative effect of recurrent RSV infections, children were grouped by years of potential RSV exposure. RSV epidemics were documented each year from 1%7 through 1979. Most epidemics occurred in January and February, but occasional RSV isolations were made in December or as late as May. Neutralizing antibodies to RSV were assayed in senun obtained in the fall and spring of each year. These data indicate that the majority of children became infected in each of the fist 3 years of Life. Cellular immunity, expressed as RSV-stimulated lymphocyte blastogenesiq was assayed in fall and spring blood samples during the latter 4 years of the study. The mean lymphocyte stimulation index (SI) was near unity before the first infection and rose gradually during year 1,2, and 3 to a level of approximately 4.0 thereafter. To determine whether in vim measures of immunity to RSV correlated with resistance to s u b sequent infection, the effect of antibody level on infection rates was examined. The infection rate for children with preexisting titers of <16 was significantly higher than those with titers of 16 --or greater, but infections also occurred in children with high titers. The effect of pre-existing cell-mediated immunity, as expressed by antigen-stimulated lymphocyte blastogenesis, also was analyzed. More children with low stimulation indices (~3.0) were infected but the difference between low and high reactors was not significant. When the combined effect of antibody titer and SI on infection rates was examined, protection correlated with serum antibody but no added effect could be related to CMI. The relationship of lymphocyte SI and clinical illness was examined by grouping subjects according to clinical illness syndromes associated with proven RSV infection. SI were statisticdy similar regardless of age or illness syndrome. Similar comparisons with preillness antibody titers revealed an inverse relation between height of titer and severity of clinical illness. Data derived from this prospective study of RSV infection do not support the hypothesis that cell-mediated immunity contributes significantly to resistance to infection or to disease pathogenesis. Because neither systemic humoral nor cell-mediated immunity appear to act directly in modifying RSV infection and disease expression, it is speculated that local immune mechanisms within the respiratory tract may be involved.
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Abbreviations CMI, cell-mediated immunity LRI, lower respiratory h e s s RSV, respiratory syncytial virus SI, stimulation index URI, upper respiratory illness RSV is the most frequent cause of lower respiratory tract infections in infancy and early childhood (2, 6, 8) . In addition to life, RSV reinfects children annuaily, producing winter epihemics of both lower and upper respiratory disease (9.20) . Studies on the pathogenesis of RSV disease have suggested a role for both humoral and cell-mediated immunity (2, 4, 25) . These investigations were based on patients seen during and after acute RSV infections, most of whom were ill enough to be admitted to a hospital. Longitudinal studies of acute respiratory infections in non-hospitalized children have provided a broader view of the spectrum of disease caused by RSV and suggest that although nearly all children become infected, very few require hospitalization (3).
This study of humoral and cellular immune responses to RSV infections was carried out in a research day care center population over a period of 10 years. The accumulated data on clinical disease expression, virus isolations, serologic and in vitro lymphocyte responses provide a basis from which the effects of immunity on resistance to RSV infection and on disease pathogenesis can be studied.
MATERIALS AND METHODS
Children attending the Frank Porter Graham Child Development Center comprised the study population. As part of a multidisciplinary research program, investigations on the etiology and epidemiology of acute respiratory disease in this group have been carried out since 1966. Subjects are entered at 6-12 wk of age after the nature of the research projects has been explained and informed consent has been obtained from the parents. Daily medical surveillance is provided and all illnesses are documented and treated by the staff. Routine viral cultures are obtained from the upper respiratory tract every 2 wk and at the first sign of acute respiratory disease. Venous blood samples are obtained each fall and spring for serologic and immunologic studies. Details of the study population and its management are published elsewhere (9, 16) . Consent for participation, including collection of cultures and semiannual venous blood samples, was obtained each year from parents of the subjects. Consent forms and study design were reviewed and approved annually by the UNC School of Medicine Committee for the Protection of the Rights of Human Subjects.
Serum neutralizing antibodies to RSV were assayed in a microtitration system by standard techniques (9) . The starting dilution was 1:8 and a 4-fold rise in titer between consecutive samples was considered the minimum criterion for evidence of infection.
Lymphocyte cultures were prepared from heparinized whole blood specimens stored at room temperature up to 18 h from the time of venipuncture. Repeated comparison of samples tested immediately and held overnight showed no loss of lymphocyte responsiveness to phytohemagglutinin or several test antigens. Blood samples were diluted 1:10 with RPMI 1640 culture medium (Gibco) and 1-ml aliquots were dispensed in 12 x 75 mm polypropylene tubes with snap caps (Falcon 12063). A 0.025 ml portion of antigen, 10 jig Phytohemagglutinin (Famitogen, Burroughs Wellcome), or diluent control was added to quadruplicate sets of culture tubes. RSV antigen was prepared from the Long strain grown in Hep-2 cells to a titer of 10' TCIDm, concentrated in polyethylene glycol (la), and stored at -70°C until used. Uninfected Hep-2 cell cultures, processed similarly, served as the antigen control. Dilutions of the RSV antigen ranging from 1:s to 1:25 stimulated approximately the same level of lymphocyte reactivity in 80% of adult volunteers tested. A single 1:10 antigen dilution was utilized because of the limited amount of blood available from the children and because it provided the maximum reactivity with the least background stimulation. Cultures were incubated at 37°C in a humidified atmosphere of constantly monitored 5% COZ and air (Forma Scientific). After 5 days, cultures were pulsed with 1 pCi methyl-[3H]thymidine (Schwarz/ Mann 1.9 Ci/mmole specific activity) for 4-6 h. Cells were washed twice with 2 ml 3% acetic acid, once with cold 5% trichloracetic acid and once with 100% methanol. Cell buttons were then bleached with 0.05 ml HzOz, dissolved in 0.5 ml Soluene-350 (Packard Instrument Company, Inc.), mixed with 4 ml scintillation fluid and counted in a Packard Model 3385 Tri-Carb Scintillation Counter. Mean counts per minute were calculated after exclusion of outlyers and the ratio of antigen stimulated cpm to control cpm was taken as the SI.
RESULTS

Documentation of recurrent RSV infections.
To study the cumulative effect of recurrent RSV infections on humoral and cellmediated immunity, children were grouped by years of potential RSV exposure ( Neutralizing antibodies to RSV were assayed in serum obtained in the fall and spring of each year over the 10-year period of observation. These bleedings were carefully timed to circumvent anticipated or recent RSV epidemics or other respiratory virus infections which might alter the donor's immune status. Although acute and convalescent patient sera relative to illnesses were not obtained, these bleedings did indicate the antibody status of subjects within 30-90 days of each RSV season. As shown in Figure 1 , the rate of sero-conversion increased from 47% in the first year of exposure to 64% in the third year and then declined to a mean of 22% per year for ages 4-10. Although more timely serologic studies might have increased the number of titer rises, 83% of children with culture proven infections maintained a 4-fold or higher titer rise in the spring bleeding, indicating that the serologic response in these subjects endured for several months. In fact, mean titer levels remained signiticantly higher than preinfection titers in the next fall bleeding, 1 year later.
These data indicate that the majority of children become infected in each of the first 3 years of life. Eighty-six percent of the children had serologic evidence of RSV infection by the end of the second year and 99% had been infected at least once by the third year. Infection rates, based upon the combination of positive viral cultures and serologic rises, are depicted by vertical bars in Figure 1 . This profile of RSV infection rates by year of exposure serves as a background to subsequent sections dealing with host immune responses to RSV.
In vitro lymphocyte response to recurrent RSV infections. Cellular immunity, expressed as RSV-stimulated lymphocyte blastogenesis, was assayed in fall and spring blood samples obtained during the last 4 years of the study. The mean lymphocyte SI was near unity before the first infection, rose gradualy during years 1, 2, and 3, and then leveled off at approximately 4.0 before and after documented infections. Table 1 provides an analysis of lymphocyte reactivity to RSV in subjects with multiple documented infections. Pre-infection SI were significantly lower than postinfection levels related to the first and second RSV infections. Lymphocyte reactivity remained elevated through the next fall bleeding. The lack of significant response to the third infection resulted from the sustained level of fall reactivity as well as a somewhat lower level of rise following subsequentreinfection.
Effect of humoral and cell-mediated immunity on renurent RSV infection.
To determine whether in vitro measures of immunity to RSV comlated with resistance to subsequent infection, the effect of antibody level on infection rates was examined ( Table 2) . Children with pre-infection RSV neutralization titers of <16 were compared with those having titers 216. The infection rate for children with pre-existing titers < 16 was ~i~c a n t l y higher than those with titers above this level (x2 = 62; P < 0.001). Infants in the first year, who had no prior exposure to RSV and antibody titers <16, were predictably susceptible to infection, although children with similarly low fall titers were equally susceptible in the second and third year of exposure. The antibody titers of r 16 in the 19 previously uninfected infants were most likely of maternal origin because most were less than 6 months of age at the time of the fmt fall bleeding. Cord serum titers, when available, were sufficiently elevated to account for such persisting titers (data not shown); thus, there was evidence of a relationship between serum neutralizing antibody and resistance to RSV infection. The effect of pre-existing cell-mediated immunity, as exp& by antigen-stimulated lymphocyte blastogenesis, was analyzed in those children assessed for this parameter of CMI during the last 4 years of the study (Table 3 ). Based on prior experiments, a stimulation index of 23.0 was taken as a sisnif~cant expression of CMI. The high infection rate in the fvst year of exposure was expectcd in thtse previously uninfected infants. All infants in this first year group had an SI of ~3 . 0 , which was expected because CMI is not thought to be maternally derived. Resistance to infection should have become apparent as the children experienced recurrent RSV infections. Although there appears to be a higher rate of infection in subjects with SI levels below 3.0 in the second, third, and fourth year of exposure, the difference between those with low and high CMI is not s~~c a n t (x2 = 3.61; P < 0.10). Furthermore, if infants with 1 prior year of exposure, many of whom were not previously infected, are eliminated and only those with 2 or more years of exposure are com there is no
F,
difference between high and low responders ( X 0.29). Although there appeared to be no direct relationship between the lymphocyte blastogenic response to RSV and resistance to infection, the question remained whether CMI might enhance the observed protective effect of antibody. The combined d e c t of serum antibody and lymphocyte reactivity on infixtion with RSV was examined as shown in Figure 2 . Episodes of RSV infection documented in children aged 1 year or older were plotted as a Table 3 .
Efect of pre-existing cell-medioted immunity on respiratory syncytiul v i m (RSV) infection rates
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Observed I n f d Rate served Infected Rate function of both antibody titer and lymphocyte SI. Taking an antibody titer of 16 and a stimulation index of 3.0 as lower limits of biologic s~~c a n c e , the resulting scatter-gram was subdivided into four groups as indicated in the Figure. Analysis of numbers of infected versus not infected subjects in high antibodyflow SI and high antibodyhigh SI groups revealed no effect of CMI on resistance to infection (X2 = 0.5 1).
Clinical illness and immunity. Severe LRI due to RSV occurs most frequently in early infancy. As shown in Table 4 , this commonly recognized pattern of RSV disease was reiterated by the population under study. Standardized diagnostic criteria for LRI were employed throughout (3). During the first year, 21 lower respiratory infections were documented in 77 children; bronchiolitis accounted for 17, pneumonia three, and Iaryngotracheobronchitis one. Elght of nine in the second year were diagnosed as bronchiolitis and one as pneumonia. Subsequent LRIs from age 3 through 10 included bronchiolitis in eight, pneumonia in three and tracheobronchitis in two. The number of children infected annually decreased from 64% in the fmt year of exposure to a plateau of 18.6% after the fifth year.
There were more upper respiratory illncscs (URIs) in the second and third years than in the fust, but this was followed by a sharp decrease in URIs after the third year. The frequency of asymptomatic infections increased as the URIs decreased.
It has been suggested that cell-mediated immunity, developed as a result of RSV infection, may be either protective or contribute to severity of the disease or both. If RSV-induced CMI is pathogenic, its effact should be apparent when clinical illness expression is wmpared with the subject's level of lymphocyte SI and type of clinical illness. Subjects were grouped according to clinical illnesses associated with documented RSV infections. Children who experienced neither infection nor illness during each annual RSV e$demic served as wntrols. Illness categories 6f upper respiratory and lower respiratory infection were determined clinicallv according to stand&dizedScriteria (3) . Of the 14 children wi& LRI in Figure 3 , 11 (79%) had bronchiolitis, one had pneumonia and two had tracheobronchitis.
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As illustrated in Figure 3 , lymphocyte SI levels after URI or LRI were not different from those of uninfected controls. Although LRI was more common in infancy and URI more common in older children (Table 4) , mean SI levels were no different from children less than 3 than over 3 years of age; therefore, all ages were combined in this Figure. Pre-infection SI levels were highest in the uninfected wntrols and decreased as the degree of illness increased. Only in the LRI group were pre-and postinfection SI levels significantly different (t = 2.04, P = 0.05). The trend towards lower mean pre-infection SI and extent of respiratory illness, although not statistically significant, suggests a relationship between acquired immunity and severity of disease expression, perhaps due to antibody-mediated resistance to infection as suggested above.
A parallel analysis of clinical illness expression and level of RSV neutralizing antibody is shown in Figure 4 . In this situation, a 4-fold or greater increase in mean titer resulted from RSV infection, regardless of clinical syndrome ( P < 0.001 for all three infected groups). Analysis of children less than 3 years of age showed no difference from the total group, suggesting that the level of response was not a function of age but rather of the level of antibody before infection or reinfection. This is also implied by the lower antibody titer levels of patients with symptomatic infections wmpared to those with asymptomatic infections and uninfected wntrols.
DISCUSSION
'
The role of the host immune response in respiratory syncytial virus disease remains a perplexing problem. RSV infections occur in the face of serum antibody in older patients (1 1) and in early infancy, despite si@cant levels of maternally derived antibody (21). Henderson et al. (9) studied the relationship between RSV infections and clinical disease expression in the FPG Day Care Center population and, during epidemics of RSV, found the attack rate for fust infections to be 98%. Second infections occurred in 75% of children at risk and third infections occurred in 65%.
Although there was no evidence of reduction in degree of illness with second infections, severity of clinical disease expression was less with the third infection, suggesting that protective immunity was acquired as a result of repeated infection.
In the present study, infection rates were calculated per year of exposure based on the assumption that all children in the Day Care Center were at risk every year (12, 15) . Because viral culture techniques and antibody assays may fail to detect a portion of infected patients, these data represent the minimum number of children with proven infections. The possibility that infection with different RSV strains might be missed when serum neutralization tests are performed with a single prototype strain could also interfere with detection of all patients infected (10). Nevertheless, the infection rates we observed in this study are comparable to published data (2) . Thus, the FPG Day Care Center population provides a suitable data base for a long term study of the role of CMI in RSV disease.
In early studies the observation that the most severe RSV infections occurred in early infancy, when maternally derived antibody titers were the highest, led to speculation that antibody was involved in the pathogenesis of the disease (1, 4, 5). More recent studies have cast doubt upon the role of maternal antibody in RSV bronchiolitis because older infants who lack detectable levels of serum antibody suffer degrees of illness similar to infants in the early months of life (20) . Glezen et al. (7) have reported that infection rates are related inversely to serum antibody titers in early infancy and suggest that maternal antibody may, in fact, be relatively protective. In the present study, an analysis of infection rates relative to neutralizing antibody levels before exposure revealed that children with high antibody titers had significantly fewer infections; however, because infections did occur in the face of elevated titers in some patients, this may not have been due to a directly protective effect of serum antibody. Because fall bleedings in these patients receded RSV e~idemics bv 2-3 months. titers could have fallen krther before thl time of infectious exposbre. The strong tendency for antibody titers of uninfected subjects to remain constant (Fig.  4) from fall-to spring makes this uniikely.
-
In the absence of evidence that humoral immunity contributes to the pathogenesis of RSV disease, cell-mediated immunity has recently come under scrutiny. Lymphocyte transformation, induced in vitro by RS virus, has been utilized in several studies as a measure of CMI. Kim et al. (14) reported that a signiiicant response to RSV was found in lymphocytes of individuals who had undergone natural infection and/or had been given an inactivated RSV vaccine. They proposed that CMI might have contributed to the adverse reaction to infection observed in these vaccines. Scott et al. (24) studied in vitro lymphocyte transformation activity in hospitalized infants and children at the onset of RSV illness and up to 5 months thereafter. They noted a sign& cant SI in 78% of the infants younger than 6 months, but in only 46% of older patients. On the basis of these observations, they suggested that cell-mediated hypersensitivity might contribute to the pathogenesis of RSV disease in infancy. Schauf et al. (21) studied lymphocyte transformation responses to infants and children 3-14 days after onset of URI and LRI. They found signacant SI in those who had evidence of infection, but none in a group of infants and children without respiratory disease and none in 12 newborn infants. Comparing the level of response before and aAer the age of 6 months, they found less reactivity in the younger subjects.
In the present study, multiple determinations of lymphocyte reactivity to RSV were performed over a period of 4 years, thereby providing data applicable to many of the questions raised above. We found that lymphocyte reactivity was minimal to absent before the first exposure to RSV and rose gradually after the first and second infections; thus, our data agree with Schauf et al. (21) but not with Scott et al. (24) . Although the population in this study was ambulatory and none had disease severe enough to require hospitalization, 43% of those with documented first infections manifested lower respiratory symptoms. The numbers of children with significant LRI in subsequent years decreased sharply. The same pattern was seen for URI after the third year, suggesting that accumulating experience with RSV provided resistance to reinfection. Nevertheless, when the effect of pre-existing CMI on infection rates was evaluated, there was no statistically si gni fi cant evidence that children with low SI were more susceptible than those with high levels.
Welliver et al. (25) further studied the possible role of CMI in pathogenesis of RSV infections. They found progressively increasing lymphocyte SIs in a limited number of infants with upper respiratory infections, pneumonia, bronchiolitis and asthma, respectively, and suggested this was evidence that CMI played a pathogenic role in RSV disease. To determine whether specific lymphocyte reactivity correlated with severity of disease expression in the present study, the fall and spring stimulation indices determined for children with URI and LRI (79% had bronchiolitis) were compared with a group of uninfected controls. In this study the SI levels did not relate to severity of the clinical illnesses observed. Because Welliver et al. (25) based their conclusions on hospitalized children studied acutely and ours was a longitudinal study of children in a day care center, it is difficult to make comparisons. Nevertheless, in several ways we have demonstrated that levels of immunity resulting from RSV infection are related to subsequent resistance to reinfection and to diminished, rather than enhanced disease expression.
Because neither systemic humoral nor cell-mediated immunity appears to act directly in modifying RSV infection and disease expression, it is tempting to speculate that local immune mechanisms within the respiratory tract are involved. Either persistent low levels of secretory antibody or an anamnestic response to reinfection could be involved. Earlier studies of local antibodies to RSV employed measurement of neutralizing activity by the plaque reduction method (13, 22, 23) . The significance of these reports has been challenged by McIntosh et al. (17) who found that fluorescent-stainable IgA antibody to RSV correlated with disappearance of the virus from the respiratory tract whereas neutralizing antibody did not. To date, evidence for a protective effect of local anti-RSV antibody is unavailable. The studies of Mills ef al. (19) suggested that neutralizing activity in nasal secretions did not prevent experimental infection of adult volunteers, although subsequent replication of virus was reduced. Further studies in children utilizing sensitive and reliable assays for RSV antibody are necessary to define the role of local immune mechanisms as related to disease expression in infancy and childhood.
Complete understanding of the pathogenesis of RSV disease should be sought before immunoprophylaxis of RSV infections is attempted. Although there is little evidence to support the idea that the disease process resulting from RSV infection is an expression of immune hypersensitivity, the previous adverse experience with inactivated RSV vaccine and the very young age of the population at risk dictate a high level of caution in future vaccine development efforts.
